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7]% ^Hl ^"cHH Ji^s} ^^Rr *H 13:31 ^ 31^^ ^Ml Zr* 2%°1# 

20%o]t}9] 2k$v]3, U-fr^b ZrAlf^ f^X]?]^ 7\]2t£?\)2\- , ul^^l ZrAl 

-g- *}± 7}^o\] ir.#A]^ al^^^l ZrA10 x ^^^]7l^ *H333l ^, *}^^$) 

ZrA10 x tf<*fl *}3*#*J=°1 #S}-7Hf^ *H*-f^ f^fe- ^l4^3l# i^cf. ^ 

SJE, ^-S- ^§-§r ^l^H i MRWl* 7>x]^ ^>7l^%V ^ 

S. la 
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[#^^ ^1 

E-i^^ *>7l*l^r ^ n ^lS y o v ^ {Tunneling magnetoresi stance device and 

manufacturing method thereof} 

£ 1^ ^A]^oii 4^ e| *1 ^ =£*r« M-Et^ ^S-£, 

£ 2a^ ^2fl^ AlOx T^Hr ^H - ^ ^>S] TEM a>^1, 

A?]*]*} ^A$\ °A ^Hl* £L°lTr TEM All, 

-E 3^r ^Al^oj] rtf-g. e^^ A?)*)^ ^-A ^l^^^-a- M-Et\£ A^, 

-E. 4^ Hl^jfJ^ ZrA10 x ^ Zr^ S^aH 4^ ^Sj-^ MR«](%)^r 

M-Efvfl ZLeflH, 

£ 5-fer Zr^ Si^ *] o] ^d\) rtf^ ZrA10 x * 0 >«#^ 2^0] ^.g. ufEf^H zl 

^ 6afe I^El ^ A10 x A^^A ZrA10 x ^°« V (VH A^ ^^rAQ MR 

a]^ ^5r# iL^l^ ZL2flH, 

£ 6b^ a^^l ^ AiO x ^#sf ZrA10 x w>o]o]^ ^<y.o]j 4^. ff-^sj-^ MRnj 
^ a.o]^ Z12fl=, 

£ 7afe ^"^^ 4^1 «H1 4€- El 1 ^^ ^>7l^*J- 4i^>^ ^JEofl 4f MRWl» M-e)-^ 
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47l^f i*}^ ^i^] tcj-s. fl-^sfs} TMRwl^ ^3^1- J£°lfe ZLSflH. 

<12> i^fe 7>7) ^Ui^ofl o]§|] ^ % Vo] ol-g-^V d^l-SAi, ^) 7^t\ 

^ *}S)- u o v 1M] ^ Ei\t^ #f?-7> ^-ef^l^ 7>7l ^(Magnetic Tunnel 

Junction) °l-§-^>^ A?} MRAM(Magnet ic Random Access Memory) 

^•W-l- S^r*}. *HH§^ 7>SJ- i^ol tiVcflwJ-^o] Tj-f ^J^. TMR i*} 

(Magnetoresi stive Ratio; MR «1)^ cf-g- IS. 

u ***** ak^r — 

<14> MR«l7> ^O.^ ^ y o V ^# *^*>7l7> -g-ol^H "0"^ 7) 

-f^rtb *}?1*|^ ^7># ^isi- ^ sa^f. 



.3. THj 
I 7? 
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<is> MR«l7> ^ x}7] 4i7># *flS*}7] ^*lHb ^#( p in holeH&J°^ S£7> v£jl 

(2Aroot-meansquare H^-lp^l ^-&7} oicf. <#:g°] ^-tf^ 

*]^}7] $n ^Sfl 7l#^ 3^3 ^ S^-l; *J^*Rr U o V ^4 4JL£ ^^-fi- ^ 

<16> s)^^ #3^3 £ y o V ^°11^ 7r<£ ^rS]-^, l^*r ^Sj-ig, 7>^1^^- ol^-tl- 

7)-<g ^5}-^-^ °«t> 5LS.3-*} (morphology), 7-] ^ #^-g- 7> 

^ Jl^b 7>^lcf. AVg).^^ ai^ 

7fl^-^^ 7Mi|, ^^tb 7>^]rf. 7>£l*i* 

°l-g-3: 7-1 7^j-o] 7}*}±r ^§o) £.^£]b 7}#t}. 

<i7> Afls-g- ^f^g- ^*Hr U-^^|>H^, Ga 2 0 3 , A1N, A10N, Ta0 x , Zr0 x , MgO x ^ 

^£ MS <8^th}. Ga 2 0 3 ^ 7}*]b ^<HH MR^-g- 

T A1N, AlON^r 7-1 tij-oj^i £<y-§. Ji uj-Ej-i^ 

TaC^b ^7H^4 -g-ol^- oVig MRlR^l ^ZL, ZrO x £r ^ 

tiVig, f^Vofl *^17> ^Cf. 
[^ol o]=-ji4 §>b> 71 4-^1] 
<18> tr|-eH, a. *rv$o} o)^^}^ ^gfl ^-^-g- 7fl*iS>7l 

^ ^^-SH, °^^r M^ ^ MR 7M^ 7>7l7-l«J- 4l7> ^ Pfe^ 
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<19> ^"71 71^* ^11- ^*>7l 3l*H £ 

<20> T^^o] ji^s} JL^#3f *}S)-ti 0 V*J:o] *\°M ^fl^S]^, Zr°l 2% 

ol^ 20%ol§>o| ^o.<2 ZrA10 x 7^1^ Ei^iy 7>7]7-1*J- i4f ^1 

^"71 Zr^ 10% 7>^ ^ 

<22> ai. 7 i *j-ttf^£- 200 °C ^*1 500 °CS ^ol aj-e^^-t}. 

<24> 71^: #ofl A>sl-« 0 v^oi ji^si ^^Wb Til; 

<25> a o > 7 ] j7^^ ^Ml Zr^ 2%^1^- 20%ol§>al ^ til 5. f-R-*>^ ZrAl#* 

71^ *H2#7ll; 

<26> tij^^o^ ZrAl #^#^§; ^ 7>ioH l^#a1^ «1^^^ ZrA10x ^#o_S ^^a1 

71^ ^13^:711; ^ 

<27> A o >7i al^^oj ZrA10x ^-rt* Aj-ofl T-l-Sj-aj-^ol t£jr|-7B=rtV 7>-^-#-i- f^S}^ ^14^:711; 

<28> 4V7] ^l^HH, 71^2}- ^>7l _TL^# A>ol o]l HV^>^ ^*Vtf. 

<29> a o >71 Tl^^TlHl^, Aj- 7l ZrAl^# ^SLS. ^t}^ ^ Ei ^ *v o.S.^1 -^71 # 

°11 ZrAl ^^trrf. 
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<30> #7l *\)2&HM*\ , #7} Zr-%: 6% o]s$r 12% 0]^}^ 3^ a] 5. S.^^ %o) v}&-2\-s}xq t 

7H V w>^-2i^>7fl^ 10% ^S.^ 2:^ WIS. ^ ^4. 

<3i> ^7} ^H^HH, 41-7] 200°C vfl*l 500°CS. <l*l&|£Rr %o) 

<32> .g. ^ o. 3^ *}7]*i*J- ^Hl 5H°H Jl^#2f Al-Olofl ^l^Hr E^ ^ 

ZrA10 x S Zr^ 3^ «1 # 8% 12% ^#^1 

<33> oj£} M}-Tgo] ^Al^ofl KfH 7>7]7-l%V ^ ZL E^ 

<34> E la £ lf^r afll ifl*l ^l6^A)^ofl rrf^ E^^ T^l^J- ^7># 7>ef 

ZrA10 x ^f'O.S.*!, Zr^r *i*H ^tt S^til7> 2% 20%^ 517}- £)5L^ ^-R-sq 

fh^^l^ 6% ^^1 12% ^5LS, 7}^ *}*g^-5}?\}^ 10%^515. ^-B-^^-. 
< 35 > s. i a ^. ^*>Tg, tiV^H^o] Uj-^Tg^ n>^£]^ (bot torn) -g- afll 

«o>^o) J7^£]^ -H^°l a o V 7 ] tiV7 0 >7}^^^ ^ofl ^#5)^1, ^-71 JI^#£) ^J-^ ZrA10 x 

^ 7>^-#o] ^sjt}. aj 7 H, ji^^ 7>-B-#^ CoFe, NiFe^ ^ #*H^-°.S ^^1}. 

<36> £ lb^ tii^-7>^^C,] ^ofl nj-igS]^ fKtop) ^2:^ ig^o] *]} 2 ^aHH| 4 = &\ 
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3^*8 ±.AQ Tgz), ^>-n-^°l yt-^^^l fl*l*|-ul =L ^ofl ^i^S. ZrAlOx 

<37> £ lcfe £ m^]^ ^7]^*j-^^}^i , ^ 7flSl ^#ol 

<38> ^, £ ^1 ^ *fl2^HH ttj-s. db^>l- 4^ ^2^1, #7j- 

^#/^#/ZrA10x #^#M^#/ZrA10x ^ §7 ^W/^^H^^ ^21 7>^rf. 

<39> JE id ^ £ le^ ^#/Ru/^^2l ^ ^(synthetic structured ^ ^ 

*fl4 ^ ^15^ *1 ofl <Hl 4€- *}7]*i%V iLo]^ ^^S.olu}. 

<40> J£ ldl- ^-S^, *fl4^HH c^s ^>7l^%V r^Rr, ^ ^ 

^H#/^H^/Ru/^#/Jl^^/ZrA10x #^#/*HH§^ 7>^}i4. 

<4i> £ lei- ^-S^, -a. igj^ ^s^Al^ofl ccf^ e^^ *}7}z]^ i^}^, a>7 0 V^> 

A ^/^#/Ru/7p^/Jl^^/ZrA10x #^f7*KH§^ fif 7}*ltf. 

< 42 > t= lf^ ^- *fl6*UHH 7>7l^%> l}e)-^ ^^o]tf . 

^ x}o}o\] ^s(pseudo) ^ I*. 7H^#/ZrA10x #^f7*H!#^ 

7>^]Cf. 

<43> £ af^ Ei^^ 7,f7l7^J- Zr <>1 ^ «] £S ^-fi-€ ZrA10 x ^ 

4. 
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<45> 



<46> 



<44> je 2a^ CoFe ^ ?H1 A10 x 7fl7fl^ ^>7l^%> TEM 7>r^l°H, £ 2b ^ 

CoFe ^ *H Zr^l 10% ^E A10 x 7fl^^ ^>7l^*J- 4i7>^ TEM^^ojcf . 

-E 2al- % v 2<?}-^ , A10 x S^lfe ^(pinholeH ^3^- CoFe7> 

if^iE7> ^o^l^cr 9X^. S- 2b# %^*>^ , ZrA10 x ^#2] 

CoFe^l ^7} ^1-, ^^B(defect), ^i^.^ (disorder )7]- <&±± S^l ^€ 

<47> n>^^>ji 7]^: ^Hl ^ v tr ^ ^ ^^l ^^ v tr 

cf(^l lOl^Tfl). #7l ^ofl Zr Al ^E^ #*1 

» til^^ ZrAlf^i: ^"71 JL^f^l f^AlJQcK ^1103^711). 

<48> Cf-g- ^ l£r ^ 7H^^| af^ Zr^ a^Wll- M-E]-tHjL 2^*}^ ti] 

3£ ZrAl^<H] ^-H-s]^ Zr^ S^l* Sl^V ^ <&^. 

<49> IS. 1] 



S ^ 7H^ 


3 
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5 
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8 


9 


10 


11 


12 


Zr^ 


3.15 


4.02 


4.77 


5.41 


6.24 


7.22 


8.51 


9.89 


10.39 


11.56 



<50> 



Zr^ 2^al7r 8% ifl*] 12%9l ZrAl#* ^* r 7| ^^IH^, 87fl tfl*l 127fl«- n>3 

*>J1 , Zr^l 2:^ all- 9% vfl^l 11.5%7> sjs.^- is}?} ^iH^r 97fl ifl*l ll7fll- «flAl*M, 

Zr^ 2^ till- g.89% ^E7> 5);£4S. *}7l fl«fl>Mfe, ^ 7fl^» 107fl i^E^^- ^ 
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<5i> ^T^-g- t±4- w]^^ ZrAlf^l -tf-dt ^sj* *H ZrAl#* 

^HSM^JK *fl 1053:31 ), *>-fH§^ ^tr^l 107^1). *KH§-§: f^lL> ^ *V 

e^Ml^r 200 °C -500 "OS ^*3tr4(*111093:3l). , *Kr#, ZrAl JL^ 

-g-^*}JI ^^-o] ^ roughness )# ^*ti J^S] Zr 2^wl«- £<>l-ifl 

<53> ^ ZrA i0 x ^-^^-i- ^>7lE^^^-(MTJs) ^^8: 4 ^l(gun) RF(Radio 

Frequency) ^ r ^1lB€- o]-g-§>^ ^)^t}<%v}. 7}&SLS.±r *l-§-°l 200nm ^Sr^l 

9l$r Si(100) A>-g-§>5| o.t^ , A]^ ^7] ^5L^r 5>10" 7 Torr °l<5)-ig. 4r*l*r 

Si^r. ^ ^S^r Si02/Ta(5nm)/CoFe(17nm)/IrMn(7.5nm)/CoFe(5nm)/Zr x Ali- x 

(0.5-1.8nm)-0x/CoFe(5nm)/Ta(5nm)5. ^'sl-JL, *\] ^-o]*> ^ 3l£^- u}i3(metal 

shadow mask)!- °l-§-Sra} ^7> 7 ]- ^Efls] ^^§r ^^*>$!cf. o^l^i ^^2] 100>400 
um 2 S *}%^. 

<54> Z rA10 x ^^o} ^*fl, 0.5~1.8nm ZrAl#-§r ^ 

^ , ^ 7>^o]l ^Aj^cf. ^ a^o} l^s^l- 3>10-6 Torr o)*}^ <y-^*HH ^©Js>^ 
, 10£- ^£5. Jl^A] 7lJL 250°C- ? fEi 450t:^l -M^tf. 

<55> £ 4 ^ a^*v Ajig ZrA10x ^^*1 Zr2] ttl-Sr ^^Hr 

MRtil(%)# M-E}^£ ZLEflHolcf. 
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<56> £ 4# $r2:-s}#, Zr 2^1^ £^r?b Al#°fl cflsfl 2%<HH s)cfl 20%?H ^Kl-JL 

oi^ D ^ ) ol^i ttJ-E}- MRWl(%)^ # 20%^£^1-H 25% ^£^1 ^» 7}^ ##<5>ji oi 

-H, 1^5} 25% ^£<>1H 38% ^ 7 ^}JL <&r)- . I^e} ^4 *ofl^ MR«1 

(%)7> £H5a-^ q-^^ Zr^l ^v}7\ 2%o}^ 20%°l*r^ ^^1- 7}- ^-t-oM, 

ti^^f^ 6% Ml*l 12%, 7>^> tif^^Tll^ 10%<>1H MR«l I- i4Ef^c}. 

<57> £ 5^7 ^ ^ 250°C<HH 10£-# ^H]*! Zr£) i^sH 

<58> £ 51- %^^>^, XVSJ- ^o] ^.^ofl AVg). * 2- £ 7l- , CfA] <1^^1- SI- 

'S 2i5L7\ ^£7> ^sq^r 3^8: ^ ^1 ^ 91°]*], 

Zr°) %7}S%# 2£7f #^r>7l Zr^ 2:^*1 10%^£7> nfl 

E}\Ht}. Zr^ 2:^^71- 10%^^-o] t}X| ^7>§>7l Al2V^o^ Zr o] ^ B] 7 \ 12%» 

^^>^ SS^ol 2.0^£S] ^ q-Bl-^tq-. o]^ z>^ 2:51 o} MRHl(%)Sl ^ 

Sj-^ -H-A>5>7fl Zr^l ^al7> 2% vfl^l 20%^ £^1^1 ^H&^r &-gr 7>^lcf. o]i=. 10% olvflo] Zr 

^a o V A ] 7) - ^ <£ - ol^ 

<59> £ 6a ^ 3 AIOx ZrA10 x ^oi^i #<y-(vH n}^. ff^Sr€ MR 

ulo] <£s|"I- iol^ 2 5fl^H, £ 6b^ ^^el ^ A10 x ZrA10 x t^H^ 

*}o]-ofl rcfs. ^^5)-^ MR«lsl ^s}-!- ^.o]^ ZLSfl^olCf. 

<eo> £ 6a ^ £ 6b# %-2*l-^ ( ZrA10 x ^^#°1 A10 x «1 «fl #4 ^^l^i 
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400VS] 4 0 1°1^ ^©J-o] o]7>^ ^-f A10 x T^l^fe x}7)*\*<t ±-*}^ 0.5 $5. 

2) MR«1» 44*-JH , ZrA10 x #^#-§- ^l^Rr 4441h ^4^ 0.65 fl-^jE}- 

^ MRal» 44\H4. £ 6b«- #2^, 497V5] uHo^ ^oj-o] o] 7 >^ ^o. A 10 x 
^t)]^ 444^ 0.5 ^3E4 fl-^S}-^ MR«1« 44*At7 ZrA10 x ^#^r ^4 

sKr 4714^ ^4^ 0.68 ^-£^1 i^SHEl MRwl* 44\H4. 
<6i> 44*1, 10% $5.4) 21*$*} 2. Zr°l ZrA10 x S5L7 r 7># ^-o.^ Tfl^ 5" 

7># %H V € & 'r 5U4. £ 6a4 £ 6b# ^JE*"^, 

~t" 4°14^ ^ 0 y v 3 53^: 1- ^ $14. 1*1 41- -f-*fl 

<62> MTJ^ 2)*}°} Zr 1Q% ^ £ ojo ol + ojttjo^ 10% 2:^ ^ 

4 Zr-§- ^-H-tt ZrAlOx 250°C l^t!: ^ 39. 4%^ TMR ^* ^ 5£&4. 

<63> JE. 7a ^ H 7b^ ^4 4J4°*N 4^ 4714 If dt4 ^12:^^ 4*fl 7.>7l 

^44 4^ MR«14 Tf§4^1 TRMa]^ iL°lfe- ZLEflHol4. 

<64> £ 7a ofl s_x\Q zieflH^-^-Ei 10K^-Ei 300K44 4€- TMRWl* ^ &4. 

AlOx ^#^r "p" ti] s'Vtt 471 4* dfc.44 ^-f 10K°1H 300K44 TMRwl^ 40 . 1%<^1 27.3%S 
#^4:a oiji olofl til gfl 67^3] Zr^ 431-° 5. 4^*H 3-f ^r, 5. H *| 

Zr S^Hl7> 5.41% $591 3-^4 TMR ^1 ^- 33.9%<>1H 22.7%^.£3. #^4. 107fl^ Zr^3-§- 4 

4^*>^ ^^E-l^-g- Zr S^ul7> ^^ofl io%^ £ t^-B-s} ^-f TMRtil^ 

40.8%<>1]4 30.5% #^>JI &4. °14^ TMRtil4 igsJ-^Ei Zr 2i^^)7} 10%$ 5L91 ^ 

^-71-51^^ S^til<y^ ^ &4. 
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<66> ^, AlOx ^-til^Rr ^-f ^1 til^fl Zr^r aflS^; ZrAlOx #^§^g- ^1*} 

^ £r51i£3H 4= <^5L7]- *!f-8r ^ ^7^, Z r^ «1 7> 10% ^. 

<67> a 2 ^ ^ $]}°}*L ^ ^ ^-^"34 Zr *}°}S>) ^Tfll- 14^1-^4. 

<68> [£ 2] 







P 0 C%) 


0 at.%(=A10x) 


14d0.328 


39.1 


6 at. % 


13d0.581 


38.7 


1 10 at. % 


11 ±). 482 


42.7 



<69> 



TMR2] ^£0]] n}.^ -g-^-(P)ofl ^ ai^- ^*J-ai 23]- ^o] u|e}^ ^ &t). 



<70> [^*}-^ 2] ^(^^o(i-^' J ) 



<71> 



<72> 



<73> 



S. 2SJfEi Zr°l i^§^ A10 x #^#£r ^ ^ %}o)w bJ-eJ-o] &\ ( a ^ -g- 

^-(Po)# 7>x)^ ^ oicf. olsJjLEi ZrA10 x #^#£r A10 X SH4 ^ ^£ 

(concentration^} ^^.S. ^ 

^7]7-l* 0 V ±X\ ^ ZL afl^^^r 3- i^i^olJi £ £ ^^£7} ZrA10 x 

^71*1 ^<HH ^l^ilS 7l*fl £H olou]-, ZL#^ ^<>] ^» tb^ 
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^}J1 ^ o.^ y££. ZrA10x M^- MR ^ 31 13 ^^^r 
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i] 

^IfrlM -31^4 7}3-#1M €^-7>^^ *Kh# A>olofl 7fl7flS]^ ( Zr°l 8% 

12%ol^o] 2:^ tils, ^-fr^ ti]^^^ ZrA10 x 7^]^- E^sy XM*!^- ^7>. 

2] 

*11 1 5U<H>H, 

^7} Zr^r 6% °1# 12% °]-6}9] f^lS ^ 7f7l^^- ^ 

7}. 

3] 

A o V 7l Zr^r 10% ^£.51 S^tilS 7}-^^ 53 -g- ^ *Kr 3^*8 7>7l^"&J- 

^ l 1H1 

-#7l 200°C ifl*l 500 *CS ^E)€ 7 A^T ^ Ei^^ *}7}^-% ±*\. 

5] 

71* A eMl 7]-s)-y 0 v^o] Jl^^) Jl^f^ #A V ^ aHnM; 

#7l ZL^# #6|) Zr^§- 2%o}^ 20%ol*>^ Sl^ ^-fr*}^- Hl^zJ ^ ZrAl^^r 
*1 71^ ^12^7^1; 



24-16 



1020030005915 #^ ^^>: 2004/2/2 

A oM Hl^^ ZrAl ^>4i 7>^<H1 ^#^1^ til^^o^ ZrA10x 
7}^ ^113^1; ^ 

-*7l ZrA10 x ^<M1 ^SKH^l ^s^Br*]- *HH§^ *ll4#7fl ; 

l^tt 6] 

7] 

^ 5 5A°1^, A <M *H2#tHH, 

ZrAl tf^f-t- $^*Hr 3* ^ 7>7l^^- i^} *H2^ . 

8] 

^7} ZrSr 6% o]aV 12% o]5>S] 2:^ «1S £3§*Hr ^ 7}7]^ 

±7,} afl^^. 

I ^-7-% 91 

*n 5 ^hi sa°H, "&7) *h2#?ihh, 

^7} Zr-fr 10% 2^ a] 5. i^gljRr ?A^r o.S ^ *J| 
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10] 

^7} 200 °C ifl*l 500 °CS l^e)^ ^-1: ^ ^ *>7l*i^- £. 
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ZrAlOx 



2§§ 



Ru 
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[£ If] 
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[£ 2a] 
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